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r e ;n t  r~

UNCLASSIFIED

S E C U R I T Y  C L A S S I F I C A T I O N  OF T~~~5 r’~~c~~(W er l’ s,. F.’r.r.d) 

- - — — _ — _ —- .. —~~~ 
,. 

~~ -
, A



_____________ - - ~~~~~~~~~~~~~ — . -.‘--- - — — -  - — - —- - - —

FOREWORD

This report was prepared by Systems Research Laboratories , Inc . of

Dayton , Ohio , under Contract F33615—76—C—OlO6 . The work was performed under

the direction of the Aeronautical Systems Division , Deputy for Development

Planning, Wright—Patterson AFB, Ohio . Mr. Richard E. Worthey was the ASD

Project Manager.

The program was conducted from 1 May 1976 through 15 December 1976.

Mr . Harold L. If f land and Mr. George A. Whiteside were the SRL principal

investigators.

The authors wish to thank the representatives of the companies and

Government activities surveyed during this investigation for their coopera-

tion and assistance, without which this study would have been impossible

to perform.

/
r

~~~

iii 

— --- --- .--~~~~~~~~~~~ — - - -- -- , . — .- --—--- - -- 



rA~ I : :  O F CON I’FN rs

SECT~ ON 
PAGE

I I lNT ROfll’C1’J p~ 1
IT ‘t~ T~!~~~ P OCy I 2
III  RESU LTS 

34 iv ~~~~ ACQ t~I s ITIo N R E CO~~ E N D A TI O N S  S
V RI Ct~MNENDAT ION S FOR FL~RTH ER STIJI)Y 10

1

iv

_



‘
~

i_— -,2- --. ,,—~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

SUMMARY

T u e  United States Air Force had encountered difficult ies involving

the availability, quality, and format of air weapon system design data re—

quired for the acquisition of simulators . In view of the increasing impor-

tance of modern digital computer—driven flight simulators in providing the

required training, both for initial qualification and for the maintenance of

readiness , it was determined that an up—to—date standard to identify the data

required by simulator manufacturers was needed . This standard would then be

included in the development and acquisition contracts for future weapon sys-

tems to provide for the timely supply of the requisite data.

Systems Research Laboratories , Inc. was selected to perform a study

of the simulator data requirements , resolve any difficulties incident to the

timely supply of that data , and prepare a General Requirement for the acquisi-

tion of that data in future contracts . The study was conducted by survey ing

simulator manufacturers and simulator acquisition activities to determine the

problems and requirements , then surveying aircraft , avionic systems , and

engine manufacturers to determine data availability, problems in satisfying

the requirements , and suggestions for alternate approaches.

As a result of this study, a proposed General Requirement was pre-

pared which could be included in future weapon system procurement contracts

to provide for the timely supply of the data required for simulator develop-

ment. In addition to this “Data Specification ,” certain other actions are

required to make the system work .

1. Order the data when the aircraft is ordered .

2. Place simulator data at a high enough precedence to ensure

compliance .

3. Make certain that simulator data requirements are included in

the procurement contracts for GFE items .

V
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‘I . Uave  S Ira :1 t or dat a dc~ I ~‘e r i c 1 t o  the • ‘‘‘~~ ‘ i ” ~~~ -

5 .  1 a ve  ;i ~~~ k n i t  i a !  dat a  package  based on t h e  ,c s e c ’a ’f l  a . . i i a ”5 ,

‘ ‘a h a h .’ v w i n d  t u n n e l , b en c h  t s t  , and engine t e s t — s t a n d  s t ! n t ’( ’ ’t I  c’St  . f l e’~~~.

de ivered c f  t er  the a ircraft d e s i g n  f re ez e  and b e f o r e  announc tr i g  h. i nn ’

I eamen  t compc I t i o n .

6. Have the initial data package updated at specific block in—

terv ,I is u n t i l  all data is based on f l i g h t test  r e s u l t s  or  e q u i v a len t  ‘ hot

ben ch ’’ data

7. Task the  Ai r  Force Fligh t Test Center  to make engineering simul,-i—

t ions of each new a i r c r a f t  d e v e l o p m e n t  p rogram and to  derive the hand I i ng

qu a lities and p e r f o rmance  pa r am e t e r s  f r o m  f l i g h t  t e s t  d a t a  fo r  t h e  use of

the s i m u l a t o r  m an u f a c t u r e r .  ~ake this an e : ir l v  i t em in the f l i g h t  test program

so t h a t  the s i m u l a t o r  can  he in operation at the opera t  lona l command in t ime
to support the recei pt of the first aircraft.

8. Task AFFTC to supp ly a qualified test pilot current in t y p e

a f l i g h t  t e s t  engineer  to ass is t  in the s i m u l a t o r  development  f r om  t h e

in  i t  j a l  contract award th rough  a c c e p t a n c e  t e s t i n g .

Other recommendations for further studies to resolve certain simu-

lati on technica l problems and to reduce the cost of simulators are inc l uded

in tile report.

vi 
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SECTION I

INTRODUCTION

The Aircraft Simulator Data Requirements Stud y was sponsored by

the Aeronauti’~al Systems Division, Air Force Systems Command , United

States Air Force, under the supervision of the Deputy for Development

Planning, ASD/XRU. Systems Research Laboratories, Inc. performed the

study under Contract F336l5—76—C—0l06. The period of performance was

from 1 May 1976 through 30 January 1977.

1
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S I C T I O N  l~

METHODOLOGY

The approach em’ I ovi d ii I i i s  st  udv was to  f i r s  s u r v ey  i se~ i c  t ~‘d

I ~~ t of  s inn ! a b r  m ;cne ’ lc  cc r c r~ t o  det e r m i n e  their d a t i  needs  ;IT ’P , I n V

I’ re” i n s  eni-i’unte red in oh a in ~nc data , t h e n  to s u r vey  a se ec t O e  list of

a i r c r a f t  m a n uf a c t u r e rs  to d e t e r min e  t he i r  abilit y arid willingness to su~ p 1v

t h e  data and ~‘ d e f i n e  any a l t e r n a t e  sugges lions they  might  o f f e r , and ,
i l s  T v , to rose ly e  any out t t r d i n g  problems and Pr ep a r e  a data spec i ficat ion

which woul d he inc l uded in fut ure weapon systems acquisition contracts to

p r o v i d e  for t h e  t i m e l y  del iv cr v  of the data needed to  deve lop  s imu l a t o r s

and tral ners of less cerp l e x i t  v. ~ cvs to i m nr o y e  the  da ta  a c q u i s i t i on

process were studied -

2
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SECTION I ll

RESULTS

Although the simulator manufacturers consider that data problems

lie at the root of most of their serious problems , both the simulator and

aircraft manufacturers believe that an inexpensive solution is readily

available: order the data with the airplane and enforce delivery .

The simulator point of view is that the data package they obtain

does not represent the airplane, and the acceptance test procedure does not

agree with the data package which, when coupled with the very high accuracy

replication of the aircraft required over the entire flight envelope (and

beyond) , causes confusion, excessive rejections , and expensive rework.

Another point that was raised as a major cause of expense and the cause

of some data problems is the very large number of malfunctions and abnormal

operations which must be simulated accurately.

The simulator manufacturers do not insist on having the data in

any given format; they can use it in the same format the aircraft manufac-

turer requires if the conditions, etc. are properly annotated . The data

they need generally exists somewhere in the aircraft manufacturer ’s engineer-

ing department even though it is not formally reported . The problem is that

many times the simulator manufacturer is kept at arm ’s length and prevented

from talking directly to the engineers who prepared the aircraft data , hence

the man who has the required information, or an acceptable substitute , is

never found .

Aerodynamic data estimates based on wind tunnel test results are

available well before the simulator manufacturer needs them. These are

adequate to carry the simulator design forward to an operating machine .

However, before the simulator can be accepted as ready for training, it

will need to incorporate aerodynamic data derived from flight test results.

This data package update has not been available when needed .

System data based on engineering estimates are available on time .

Many of these systems can be updated to final form in “hot bench” tests,

3
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the results of w h t ch  are also avo !.a”le o a a~~ chedn 
- -

~~~~ L ’ t  ‘~~ c

l a t er  rec:uir ments . Sore av ionics systems rcr u r~ f ’  i i o t  ‘ ‘n t~~~

fim~~l Iv refip~ the cu es , etc . to he sinu .’ ~~d. o c’om n s  ab y v

to f~ l’dct test nor ~vn a n~~c c’- i t a  o~~r~~v to t , ’e s  d. ’t : ~~ a’

g00 e l e c t r e r i e  wa~~f a — o  t r a i n e r s  the design r r. cucn~~ ’; reguir. c

intell igence d a t a .  This creates a special problem , in a d d i t i on  to  th e

clearances required , in that these data are collected by mar.v different

agencies and are stored in many different repositorIes and under different

descriptors. Without a Kilting file , the manufacturer is iri a ooor ostt’ion

to even guess where to start. There is also the  problem that  a great  deal

of these data are conflicting. What the manufacturers need is for a single

noint in the Government to collect the data , resolve the differences , and
“buy off” on t h e  data package. They also need the services of a “certified

user expert ” in the early stages of development of a trainer to define the

subtle changes in visual and aural presentations that are important for

training electronic warfare officers.

For the propulsion system, very complete test stand , steady state ,

data are available well before the need date. Installed data, air starts ,

dynamic responses , etc.  are general ly not available on time . Of course
some of it would have to w a i t  for  f l igh t  tests. A great deal of the

detailed design—type data t: c t  have been requested , and in some casec
caused trouble , were requ ’ired sclclv to simulate failures and abnormal

operation . The accuracy of simulation of propulsion system performance

under all conditions , which is being attempted , presents the fundamental

problem that the number of variables to be accommodated is so great that

the resulting math model requires far more computer capacity than the simu-

lator manufacturers can afford . A change in the philosophy of malfunctions

and abnormal operation would help solve this problem.

The trend in modern weapon system design is to integrate avionics

systems and other mission equipment and have them operate through a central

computer complex. Many functions are multiplexed on each data channel.4
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The pilot (operator) doe~. not “talk” directly to the sensors, nor do the

sensors present outputs directly to the operator in norma l operation . The

entire communication is carried out through a central processor which may

vary the operator ’s commands before sending them to the sensors, and may

perform operations on the sensor outputs before presentation to the operator.

The operations to be performed by the central processor , the computer

program, are established by tactical program tapes which are read in to the

processor from time to time. In effect, the tactical program tape con-

figures the system.

Tactical program tapes are very tedious and time consuming to pre-

pare and debug. If the simulator manufacturer has to take this tape and go

through a long translation and debugging process before he can use it, the

simulator configuration will of necessity lag the configuration of the

operational aircraft. Since this lag could easily be one year or longer,

it is apparent that the simulator must be able to use the same tactical

tapes as the operating aircraft.

Simulation of these complex central computer avionics systems

requires essentially a duplication of them. There are problems in using

the flight qualified hardware relative to cost, computational speed , and

in some cases durability. Developing a non—flight qualified equivalent

system is a possible solution. The true life—cycle costs of the two

approaches appear to favor using the flight qualified central computer and

multiplexing equipment. The simulator computer will  have to supp ly sensor

outputs to the central processor and perform the calculations for all other

simulations that do not depend on the central processor.

The simulator manufacturers want to talk directly to the engineers

of the vendors and subcontractors of the aircraft prime contractors for

the same reasons they want to talk directly to the prime contractor ’s own

engineers. No blanket authorization to do this is agreeable to the primes.

They want to receive the requests for information , and in case a visit to

a vendor is required , they will make the necessary arrangements. A great

S
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deal of no~~ n tial problems w i t h  vendor data are  overcome b y the  s imula to r
m a n t i f :~c t ur e r ’ s w i l l i n g n e s s  and capabi l ity  to use fonc tionai~.ly r~quivalen t

j data in l i eu  of t h e  a c tua l  data .

The ohv s~ ca ’ data concerning the a i rc ra f t  ( e . g . ,  crew s ta t ion
drawings and arrangement  sketch es , mock un photographs , maximum envelope ,
weigh t , moments and center  of g rav i ty)  are available on the r e q u i r e d
schedule.  In genera l the  s imulator manufacturers considered these data to

be adequate ;  however , the Air Force Flight Test Center personnel pointed

out that they find the weight and moment data to be significantly in error

from time to time . The simulator , of course , will not handle correctly

unless this Information is accurate. Possibly in the past, aer odynamic
j data were blamed , particularly aileron effectiveness , when the red problem

was an error in the roll moment of inertia.

The aircraft manufacturers were quick to point out that , although

they were confident that they could satisfy all the simulator data require-

ments if the data were ordered with the airplane, this did not extend to

cover Government—furnished equipment. The Government will have to provide

for the acquisition of that data.

The simulator manufacturers point out that the data requirements

must be contracted for by an activity with enough “clout” to enfore corn—

pliance. Primarily for this reason they do not like to develop simulators

as a subcontractor to the aircraft prime contractor. The aircraft manu-

facturers stated that simulator data would have to be placed at a high enough

priority to insure the assignment of adequate assets early in the program . a

position which agrees with that held by the simulator manufacturers.

In order to procure simulator required data in an orderly program

at minimum cost, it is essential to order this data in the initial develop-

ment order for the weapon system or GFE item. This permits the aircraft

prime to provide for the needed data from his vendors while he is still in a

competitive situation, and permits all of them to set aside the data as

they go along rather than going back later and recreating it. The initial

6 
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data package should not be scheduled for delivery , however, until after

design freeze of the basic item.

It was pointed out that many of th~ crew station components, such
as panels, levers, pedals, furnishings, etc., which are required to be in

the simulator are long lead Items early in the production program of an

aircraft. The lead time is such that it is not possible to accommodate

the simulator requirements after the simulator Is placed under contract.

If a few extra of these items were ordered in the initial contract and

scheduled for early delivery, they could be supplied for the simulators

or , if the simulator manufacturer does not want them, scheduled back into

the production line.

The subject of project pilots and project crew members received

quite a bit of discussion. The project crew members bring in operational

employment information, as was mentioned earlier. These discussions and

understandings are required early in the program, as well as later on when
actual displays and aural presentations are available.

The project pilot should be a qualified test pilot who is current

In the aircraft. The availability of such a pilot is not a substitute for

a good data package; he supplements it. He is needed early in the program

to help the simulator manufacturer understand the handling characteristics

of the aircraft; he is invaluable during the simulator debugging period

to assess the flying qualities of the simulator, determining not only

what aspects of simulator performance are unlike the airplane and , more

importantly, why.

The instructor ’s role in the training objective was repeatedly

brought up. The decisions as to what role the instructor is to play ,

what functions he will control and which will be automated , must precede

the design of the simulator and, to a significant extent , drives the design .

This is an area that should be independently studied , and possibly would

yield large savings in acquisition and instructor training costs through

modularization and standardization.

7
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SECTION IV

DATA ACQUTS I T T ON RECO~~~ NDATION S

tmp lenentation ~f the ‘ec~ mncndations contained herein shou d ~‘r ’—

vide the requi red  data for t h e  deve~ e~ mc-nt o f sim u l a t o r s  at m . n m ~:r~ cost

and on a schedule such t h a t  th e  ~;i m u l a t o r  can be o n — s i t e , r e a dy  f e ’

training before the first nrod ’iction aircraft is delivered to the O O e r a t  LP~~

comni:ind

a. Order data for a full mission simulator in the initial aircraft

acquisition contract.

b. Order s imu~ ator c- ta in the initial contract (with each source

for many items) for the acquisitions of equipments to be incorporated in

weanon systems as C-FE.

c. Schedule delivery of these data as late as possible , consistent

w i t h  the s i m u l a t o r  procurement  and never before the design freeze of the

item.

d. Requi re  tha t  the manufac turers  involved keep the initial data

package updated as changes are made to the equipment or more accurate

da ta  beco me ava i l ab le .

e. Have the initial data package delivered to the Government ,

make it available for review by prospective simulator bidders , and deliver

it to the selected simulator manufacturer.

f. Make the initial data package the simulator specification base—

line .

g. Require use of the on—board computer and tactical program tapes

in the simulators of aircraft that have a central processor(s) avionics

system such as the F—16 .
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h. Make the delivery of simulator data a program control mile-

stone in the aircraft acquisition contract such that the aircraft program

cannot proceed beyond that milestone until the data package is delivered .

i. Procure a few selected crew station parts for use in a simulator

in the initial aircraft production contract , and schedule delivery of them

in time to support possible simulator requirements.

j. Task the AFFTC to develop and supp ly handling quality deriva-

tives and performance parameters based on flight test results. This

should be done for each new Air Force aircraft as early in the flight test
program as possible.

k. Task the AFFTC to supply a flight test engineer and qualified

test pilot experionced in the subject aircraft to provide technical

guidance and assistance to the simulator manufacturer during his develop-

ment program.

9 
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SECTION V

RECOI~NENDATIONS FOR FURTHER STUDY

During the course of this investigation , information was deve~~one d

which forms the basis for the following reconunendations for additional

4 study.

a. AFFTC has from time to time encountered a marked difference in

the number of tasks a pilot can accomplish in a given time in a simulator

and in an aircraft , even an RPV. Further srudv of this “time compression ”

e f f e c t  is necessary so t h a t  i t  can be fully defined and considered in t h e

s i m u l a t o r  designs .

b. In order to define the roles of simulators and through them

t h e  equipments and performance requirements necessary , a series of mission

and systems analyses should be conducted of the training missions comprising

th~ total Air Force requi rement.

c. Following the analyses of (b) a series of simulator cost

e f f e c t i v e n e s s  t r a d e — o f f  design studies should be undertaken to optimize
satisfying the defined requirements.

d. Conduct a study to determine the true reasons for the low

exp loitation of simulator capability in the past and derive corrective

_ R -  t ton .

e. Develop and implement a program to verify that the simulators

in the field continue to perform with the necessary fidelity.

f . Conduct a cost versus effectiveness study of life—of—type

simulator maintenance approaches and implement the ;g)propriate method .
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